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We study multifield aspects of Dirac-Born-Infeld (DBI) inflation. More specifically, we
consider an inflationary phase driven by the radial motion of a D-brane in a conical throat
and determine how the D-brane fluctuations in the angular directions can be converted into
curvature perturbations when the tachyonic instability arises at the end of inflation. The
simultaneous presence of multiple fields and non-standard kinetic terms gives both local and
equilateral shapes for non-Gaussianities in the bispectrum. We also study the trispectrum,
pointing out that it acquires a particular momentum dependent component whose amplitude
is given by f locNL f
eq
NL. We show that this relation is valid in every multifield DBI model,
in particular for any brane trajectory, and thus constitutes an interesting observational
signature of such scenarios.
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I. INTRODUCTION
Current measurements of the cosmic microwave background (CMB) anisotropies, such as those
obtained by the WMAP satellite, already provide us a with a wealth of valuable information about
the very early universe. Furthermore, with the successful launch of the Planck satellite and the
increasing precision of large scale structure surveys, one can hope to get yet more precise infor-
mation in the near future. In this context non-Gaussianity [1] is particularly exciting since it has
the ability to discriminate between models which are otherwise degenerate at the linear level: for
instance, a detection of so-called local non-Gaussianity would rule out all single field scenarios of
inflation in a model independent way [2]. Amongst such single field models, those with standard
kinetic terms, in which the inflaton slowly rolls down its potential, come with an unobservably low
level of non-Gaussianity and hence are still consistent with present-day observations [3]. Theoret-
ically though, their embedding in high-energy physics theories is hampered by the eta-problem,
namely that Planck-suppressed corrections often lead to potentials that are too steep to support
slow-roll inflation. In the context of string theory, this problem was demonstrated to be particu-
larly acute in slow-roll inflationary models based on the dynamics of D-branes moving in higher
dimensional spaces [4, 5]. Nonetheless, this set-up precisely motivates an interesting way to bypass
the eta-problem that has attracted a lot of attention: since the inflaton field in brane inflation is
governed by a Dirac-Born-Infeld (DBI) action characterized by non-canonical kinetic terms, there
3exists an upper bound on the inflaton velocity that allows one to achieve an inflationary phase with
otherwise too steep potentials [6]. Besides alleviating the eta-problem, the non standard kinetic
terms also enhance the self-interactions of the inflaton, resulting in significant non-Gaussianities
of equilateral type [7]. Indeed, the simplest single-field DBI models are already under strain from
observations [8, 9].
However, as is central to the discussion of this paper, DBI inflation is naturally a multifield
scenario, since the position of the brane in each compact extra dimension gives rise to a scalar
field from the effective four-dimensional point of view [10, 11, 12, 13]. In multiple field models,
the scalar perturbations can be decomposed into (instantaneous) adiabatic and entropy modes by
projecting, respectively, parallel and perpendicular to the background trajectory in field space [14].
If the entropy fields are light enough to be quantum mechanically excited during inflation, they
develop super-Hubble fluctuations that can be transferred to the adiabatic mode on large scales.
This effect, as well as the nonlinearities imprinted on the fields at the epoch of horizon crossing,
was taken into account in [15] where it was shown that the shape of equilateral non-Gaussianities
is the same as in the single-field case while their amplitude is reduced by the entropy to curvature
transfer, which therefore eases the confrontation with the data. This paper, as well as subsequent
ones on multifield DBI inflation [16, 17, 18, 19, 20, 21, 22], focused mainly on equilateral non-
Gaussianities. More generally, multiple-field inflationary models are known to produce possibly
large non-Gaussianities of another shape, namely local non-Gaussianities, that arise due to the
nonlinear classical evolution of perturbations on superhorizon scales. The formalism developed in
these papers also remained very general and no particular model was presented for the entropic
transfer on large scales. We address both these questions here, using a mechanism outlined by
Lyth and Riotto [23] to convert entropic into adiabatic perturbations at the end of brane inflation.
In this scenario, inflation is still driven by a single inflaton scalar field, namely the D3-brane
solely moves along the standard radial direction of the throat in the context of warped conical
compactifications. When the mobile D3-brane and an anti D3-brane sitting at the tip of the throat
come within a string length, an open string mode stretched between them becomes tachyonic,
triggering their annihilation and the end of inflation [24]. As the brane-antibrane distance is six-
dimensional, it acquires some dependence upon the fluctuations of the light fields parametrizing
the angular position of the brane. Hence the value of the inflaton at which the instability signals
is modulated and the duration of inflation varies from one super-Hubble region to another. In this
way initially entropic perturbations are converted into the curvature perturbation. The relevance
4of this mechanism in the slow-roll ’Delicate Universe’ scenario [4] has been recently investigated
[25]. Here however we would like to combine it with the DBI inflationary regime. This was looked
at by Leblond and Shandera [26] regarding the power spectrum. In the present paper, we extend
their analysis by taking into account the enhancement of the angular fluctuations by the low speed
of sound [15], as well as by investigating the non-Gaussian properties of the curvature perturbation.
It should be noted that while no explicit model of DBI inflation in a string theory framework has
been constructed yet that both satisfy observational constraints and are theoretically self-consistent
[105] – mainly because of the existence of a geometrical limit for the size of the throat in Planckian
units [27, 28][106] – it was so far assumed that the fluctuations of the primary inflaton create
the curvature perturbation. One can therefore hope to embed consistently the DBI inflationary
scenario in string theory with other mechanisms to generate the density perturbations, such as the
one considered in this paper.
In our model, the curvature perturbation is nonlinearly related to the entropy perturbations,
therefore the conversion process gives rise to local non-Gaussianities besides the standard equilat-
eral ones generated at horizon crossing. To the best of our knowledge it is the first time that definite
predictions are made for an inflationary scenario where both significant local and equilateral non-
Gaussianities can arise, characterized in the bispectrum respectively by the parameters f locNL and
feqNL. While the logical possibility that a linear combination of different shapes of the bispectrum
can arise is an acknowledged fact, it should be stressed that what we consider is not merely a
juxtaposition of an inflaton with non standard kinetic terms generating feqNL and another light
scalar generating f locNL. In multifield DBI inflation, light scalar fields other than the inflaton and
with derivative interactions naturally contribute to both types of non-Gaussianities. We show that
this nontrivial combination leaves a distinct imprint on the primordial trispectrum, which acquires
a particular momentum dependent component whose amplitude is given by the product f locNL f
eq
NL.
This relation is structural and is valid independently of the details of the inflationary scenario, i.e.
for any brane trajectory and any process by which entropic perturbations feed the adiabatic ones.
Hence it constitutes an interesting observational signature of multifield DBI inflation.
The layout of this paper is the following. In section II, we describe our set-up and recall results
concerning the amplification of quantum fluctuations in multifield DBI inflation. We explain the
mechanism by which entropic perturbations are converted into the curvature perturbation at the
end of brane inflation. Using the δN formalism, we also derive the relevant formulae for quantifying
this effect. In section III, we calculate the power spectrum of the primordial curvature perturbation.
5We show, in particular, that the entropic transfer is more efficient in the DBI than in the slow-
roll regime. We also calculate the primordial bispectrum which acquires a linear combination of
both the local and equilateral shapes of non-Gaussianities. We then combine our results for the
spectrum and bispectrum to derive constraints on the model. In section IV we turn to the study
of the primordial trispectrum. We calculate the local trispectrum parameters τNL and gNL and
discuss the purely quantum contribution coming from the field trispectra. Then we point out the
presence of a particular component of the trispectrum whose amplitude is given by the product
f locNL f
eq
NL. We finish by plotting the corresponding shape of the trispectrum in different limits, and
this turns out to have characteristic features. We summarize our main results in the last section.
II. GENERATING THE CURVATURE PERTURBATION AT THE END OF BRANE
INFLATION
A. The set-up and the amplification of quantum fluctuations
Our setting is that of a flux compactification of type IIB string theory to four dimensions [29],
resulting in a warped geometry in which the six-dimensional Calabi-Yau manifold contains one or
more throats. The ten-dimensional metric inside a throat has the generic form
ds2 = h2(yK) gµνdxµdxν + h−2(yK)GIJ(yK) dyIdyJ , (1)
where gµν is the metric of the four-dimensional, non-compact, spacetime and we have factored
out the so-called warp-factor h(yI) from the metric GIJ in the six compact extra dimensions. In
the following, we assume that the geometry presents a special radial direction, in agreement with
known solutions of the supergravity equations [30], so that the warp factor is a function of a radial
coordinate ρ only, decreasing along the throat down to its tip at ρ = 0 [107]. In this framework,
we consider the following internal metric
GIJ(yK) dyIdyJ = dρ2 + b2(ρ) g(5)mndψ
mdψn , (2)
where we refer to b(ρ) as the radius of the throat and ψm (m= 5,6,7,8,9) denote its angular
coordinates. Since we aim to present a general mechanism, we do not specify a precise form for
h(ρ) and b(ρ) and only require that they approach constant values htip and btip near the tip, which
is the situation encountered for instance in the Klebanov-Strassler throat [30].
We take then a probe D3-brane, of tension
T3 =
m4s
(2pi)3gs
, (3)
6where ms is the string mass and gs the string coupling, filling the four-dimensional spacetime, and
point like in the six extra dimensions. The D3-brane has coordinates yI(b) and falls down to the tip
of the throat where a static D3 is sitting. Following [15], in terms of the rescaled scalar fields
φI =
√
T3 y
I
(b) → φ =
√
T3 ρ(b) , θ
m =
√
T3 ψ
m
(b) , (4)
and rescaled warp factor
f =
(
T3h
4
)−1
, (5)
the D3-brane low-energy dynamics is captured by the Lagrangian
P = −f(φ)−1
(√
det(δµν + f GIJ∂µφI∂νφJ)− 1
)
− V (φI) , (6)
where V (φI) is the field interaction potential. Note that in general, there are also contributions
from the presence of various p-forms in the bulk as well as the gauge field confined on the brane.
In [18], these fields were shown to have no observable effects on scalar cosmological perturbations
at least to second-order so we have omitted them here for simplicity.
The explicit calculation of the potential V in (6) is extremely difficult and requires a detailed
knowledge of the compactification scheme (see e.g [31] and references therein). In general though,
we know that bulk as well as moduli stabilizing effects break the isometries of the throat, stabiliz-
ing some of the angular coordinates of the branes. However, there typically remain approximate
residual isometries of the potential, as shown explicitly in [25] for the most-advanced brane in-
flation model [5]. For simplicity, we consider only one such isometry direction ψ, entering the
five-dimensional metric g(5)mn (2) through
g(5)mndψ
mdψn = dψ2 + . . . (7)
and we assume that the four other brane angular degrees of freedom are frozen in their minima of
their effective potential at the position of the antibrane along these directions. Therefore we take
the potential V = V (φ) to depend only on the radial position of the brane, which itself moves along
the radial direction only – φ˙ 6= 0 , θ˙m = 0. As opposed to single-field inflation, the perturbations
along the isometric, i.e. flat direction ψ, can be quantum mechanically excited during inflation. In
that case, the angular D3−D3 separation θ ≡ √T3∆ψ varies from one Hubble patch to the others.
Although this does not modify the dynamics during inflation, this will turn out to be crucial at
the end of inflation, as we will see below.
7We now recall the relevant results of [16] regarding the amplification of quantum fluctuations
in multifield brane inflation, in particular the amplitude of the inflaton and of the angular per-
turbations at horizon crossing. For that purpose, it is convenient, after going to conformal time
τ =
∫
dt/a(t), where a(t) is the cosmological scale factor, to work in terms of the canonically
normalized fields given by
vσ =
a
c
3/2
s
Qφ , vs =
a√
cs
b(φ)Qθ , (8)
where QI denotes the perturbations of the field φI in the flat gauge and
cs ≡
√
1− f(φ)φ˙2 (9)
is the propagation speed of scalar perturbations (see Eq. (10) below), or speed of sound. Clearly,
from Eq. (9), there is an upper bound on the inflaton velocity |φ˙| ≤ 1√
f(φ)
. When c2s ≈ 1, one
can expand the square-root in the Lagrangian (6) to quadratic order in the fields. Then the action
becomes canonical and one recovers the slow-roll regime. However, when the brane almost saturates
its speed limit – c2s  1 – the non-standard structure of the action (6) must be fully taken into
account: this is the relativistic, or DBI regime we are particularly interested in.
In Fourier space the equations of motion for vσ and vs at linear order take the simple form
[16, 32]
v′′σ +
(
c2sk
2 − z
′′
z
)
vσ = 0 , v′′s +
(
c2sk
2 − z
′′
s
zs
+ a2µ2s
)
vs = 0 , (10)
where we have introduced the two background-dependent functions z(τ) = a
√
2/cs , zs(τ) =
a/
√
cs, with  ≡ − H˙H2 the inflationary deceleration parameter. The effective entropic mass squared
µ2s is given by
µ2s ≡ cs
b′(φ)
b(φ)
V ′(φ)− (1− cs)
2
2f2
b′(φ)
b(φ)
f ′(φ)− φ˙2 b
′′(φ)
b(φ)
, (11)
where b(φ) is the radius of the throat evaluated at the brane position. In the following we assume
that the time evolution of  and cs is very slow with respect to that of the scale factor [108], as
quantified by the slow-varying parameters
η ≡ ˙
H
 1 , (12)
s ≡ c˙s
Hcs
 1 , (13)
so that z′′/z ' z′′s /zs ' 2/τ2. The amplification of the vacuum fluctuations at horizon crossing
is possible only for very light degrees of freedom. Although this is automatically verified for the
8adiabatic perturbation vσ because of our assumption z′′/z ' 2/τ2, this is not necessary true for
vs; if µ2s is larger than H
2, this amplification is suppressed and there is no production of entropy
modes. Note that the effective entropic mass squared (11) is non zero despite the angular direction
being exactly isometric. In particular, because the potential and radius of the throat typically
increase and f typically decreases with φ, the first two terms in (11) are positive. Below we assume
that |µ2s|/H2  1 so that the entropy modes are effectively amplified.
Following the standard procedure (see e.g. [33] or [34]), one then selects the positive frequency
solutions of Eq. (10), which correspond to the Minkowski-like vacuum on very small scales:
vσ k ' vs k ' 1√2kcs
e−ikcsτ
(
1− i
kcsτ
)
. (14)
As a consequence, the power spectra for vσ and vs after sound horizon crossing have the same
amplitude. However, in terms of the initial field perturbations, one finds, using (8),
PQφ∗ '
(
H∗
2pi
)2
, Pb∗Qθ∗ '
(
H∗
2pics∗
)2
(15)
(the subscript ∗ indicates that the corresponding quantity is evaluated at sound horizon crossing
kcs = aH). Therefore, for small cs∗, the entropic modes are amplified with respect to the adiabatic
modes. As we will discuss in subsection II C, the standard formulae of the δN formalism are
expressed in terms of fields whose perturbations have the canonical amplitude H∗/2pi at horizon
crossing. We therefore define the ’canonical’ entropy field as
Ξ ≡ b∗cs∗θ . (16)
B. The conversion process
We now address the question of how initially entropic perturbations can be converted into the
adiabatic modes. We assume that inflation does not end not by the breakdown of the slow-roll
conditions but rather persists all along down the throat. Then, when the D3-brane comes within
a string length of the anti D3-brane, a tachyonic instability arises which ends inflation. Using
Eqs. (1), (2) and (7), this happens when
1
h2tip
(
(∆ρ)2 + b2tip(∆ψ)
2
)
= l2s , (17)
where ∆ρ and ∆ψ are the radial and angular D3−D3 separation and ls = m−1s is the string length.
In terms of the rescaled fields, the tachyon surface, represented in Figs. (1) and (2), is given by
9anti D3-brane
D3-brane
Tachyon surface
FIG. 1: A simplified picture of the geometry at the tip of the throat, with one angular direction θ only.
The radial inflationary trajectory is represented by the blue line.
[109]
φ2 + b2tipθ
2 = T3 l2s h
2
tip . (18)
The main point is that the end value of the inflaton acquires a spatial dependence through the
fluctuations of the light angular field θ (see Fig. (2)). Consequently, the duration of inflation varies
from one super-Hubble region to another and this can be interpreted as a curvature perturbation,
as we will quantify in the next subsection. To simplify the notation, we define
φc ≡
√
T3lshtip =
mshtip
(2pi)3/2g1/2s
(19)
and the angle −pi/2 < α < pi/2 such that the background value of the inflaton field when it reaches
the tachyon surface φe is given by
φe = cos(α)φc . (20)
(here and in the following, the subscript e indicates the end of infation). For example, the D3−D3
angular separation vanishes when α = 0.
Let us now make some remarks regarding the validity of our scenario: clearly the D3-brane
will reach the tachyon surface during its radial fall-down only if the background angular brane
separation ∆ψ verifies
∆ψ ≤ lshtip
btip
. (21)
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Tachyon surface
Background
trajectory
Perturbed trajectory
FIG. 2: The tachyon surface, at which inflation ends, in the φ − θ plane. The end value of the inflaton is
shifted from φe to φe + δφe due to the angular fluctuation Qθ, hence the duration of inflation varies from
one super-Hubble region to another.
For the supergravity approximation to be valid, the radius at the tip btip must be large in local
string units htipls (it is ∼
√
gsM in the KS throat with M  1 a flux integer). Therefore, condition
Eq. (21) is a non-trivial requirement, which we assumed to be fulfilled. Note however that if this
is not satisfied, inflation could end through the angular motion of the brane at the tip [35, 36, 37].
The angular fluctuations would then still produce a spatially-dependent time-delay to the end of
inflation, and one could expect similar effects to the ones discussed below to arise. Finally, we have
also assumed for simplicity that the trajectory is completely radial until the end of inflation: more
generally the trajectory can be nontrivial in the angular directions, for instance if the Coulombic
attraction between the branes becomes important towards the end of inflation. In that case,
the entropic perturbations would feed the curvature perturbation through the bending of the
inflationary trajectory [14, 38]. This mechanism to convert entropic into adiabatic perturbations
is different from the one used in this paper but both can be present, as in multi-brid inflation
[39, 40, 41, 42][110]
C. δN formulae
In order to quantify the curvature perturbation generated by the entropic fluctuations, it is
convenient to use the δN formalism [43, 44, 45, 46, 47], in which a key role is played by the local
11
integrated expansion, or local number of e-folds, between some initial and final hypersurfaces
N(x) =
∫ f
i
H(t,x)dt . (22)
In this formalism, the curvature perturbation on uniform energy density hypersurfaces, which we
denote ζ, is identified as the perturbation in the local number of e-folds of expansion from an
initially flat hypersurface to a final uniform energy density hypersurface
ζ = δN ≡ N(x)− N¯ , (23)
where N¯ is the number of e-folds in the homogeneous background spacetime. In the long-wavelength
limit, according to the separate universe picture [48], the integrated expansion can be calculated
from solutions to the unperturbed Friedmann equation, with initial conditions specified by the
perturbed scalar fields ζ = N(ϕA∗ )− N¯ , where ϕA∗ = ϕA∗ +QA∗ is the sum of the homogeneous values
plus fluctuations of the scalar fields on the initial spatially-flat slice, which we take to be soon after
horizon crossing during inflation. Taylor-expanding this relation in terms of the field fluctuations
leads to the formal expression
ζ = NAQA +
1
2
NABQ
AQB +
1
6
NABCQ
AQBQC + . . . (24)
Once N(ϕA∗ ) is known, one can work out the coefficients NA, NAB, NABC in (24) and determine
the curvature perturbation.
In our model, since the background dynamics is solely determined by the radial scalar field φ,
the local number of e-folds, evaluated right after the end of inflation, simply reads
N(φ∗(x),Ξ∗(x)) =
∫ φe(Ξ∗)
φ∗
(
H
φ˙
)
dφ , (25)
where the canonical entropy field Ξ was defined in (16) and, using Eqs. (18) and (19), the end
value of the inflaton reads
φe(Ξ∗) =
√
φ2c −
(
β
cs∗
Ξ∗
)2
, (26)
with
β ≡ btip
b∗
(27)
being the ratio between the radius at the tip of the throat and at sound horizon crossing. Here
we assumed that no significant expansion is generated after the field reaches the tachyon surface,
that is, the sudden end approximation [49]. If not negligible, the extra curvature perturbation
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generated can be taken into account similarly to [39], though even at this stage, ζ may not have
settled down to its final value. For example, the further evolution of the tachyon can give other
contributions to ζ [50, 51]. This interesting aspect is outside the scope of this paper but it should
be borne in mind that it is present in general.
From Eq. (25), one obtains
ζ = ζ∗ + ζe (28)
where
ζ∗ = −
∫ φ¯∗+Qφ∗
φ¯∗
(
H
φ˙
)
dφ = −
(
H
φ˙
)∣∣∣∣
∗
Qφ∗ − 12
d
dφ
(
H
φ˙
)∣∣∣∣
∗
Q2φ∗ −
1
3!
d2
dφ2
(
H
φ˙
)∣∣∣∣
∗
Q3φ∗ + . . . (29)
and
ζe =
∫ φe(Ξ¯+QΞ∗)
φ¯e(Ξ¯)
(
H
φ˙
)
dφ =
(
H
φ˙
)∣∣∣∣
e
δφe +
1
2
d
dφ
(
H
φ˙
)∣∣∣∣
e
δφ2e +
1
3!
d2
dφ2
(
H
φ˙
)∣∣∣∣
e
δφ3e + . . . (30)
are the contributions to the curvature perturbation from respectively, the epoch of horizon crossing
and the end of inflation. Loosely speaking, ζe is associated to the time delay generated by the
fluctuation δφe in Fig. (2), where we use the notation
δφe = φ′eQΞ∗ +
1
2
φ(2)e (QΞ∗)
2 +
1
3!
φ(3)e (QΞ∗)
3 + . . . (31)
and the derivatives of φe(Ξ∗) (26), given in Appendix 1, are evaluated on the background. Note
that in order to trust the perturbative expansion, the angular fluctuations must be small compared
to the background separation, namely βH∗/cs∗  φc.
Adding (29) and (30) gives an expression of ζ of the form (24), where A,B = σ, s with Qσ ≡
−Qφ∗ and Qs ≡ QΞ∗ , which are normalized to share the canonical amplitude H∗/2pi. To leading
order in the slow-varying parameters η and s (12)-(13) and their time derivatives, only the first
terms remain in the expansions (29) and (30) so that the non-zero coefficients in (24) are then
Nσ = − 1√2cs
1
Mpl
∣∣∣∣
∗
Ns = − φ
′
e√
2cs
1
Mpl
∣∣∣∣
e
(32)
Nss = − φ
(2)
e√
2csMpl
∣∣∣∣∣
e
Nsss = − φ
(3)
e√
2csMpl
∣∣∣∣∣
e
(33)
where we have used H/φ˙ = −(2cs)−1/2/Mpl [16]. For completeness, we include in Appendix 1
the full expansion of ζ, not restricting to leading order in the slow-varying parameters. Notice
also that they cannot be neglected in the computation of the scalar spectral index ns and running
non-Gaussian parameter nNG as they give then the leading order result (see below).
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III. POWER SPECTRUM AND PRIMORDIAL NON-GAUSSIANITIES FROM THE
BISPECTRUM
According to Eq. (24), the statistical properties of the curvature perturbation ζ are inherited
from those of the field fluctuations QA at horizon crossing. For clarity, we first recall the results,
determined in [16], for the field two-point and three-point functions in two-field DBI inflation,
before calculating the power spectrum and bispectrum of ζ in the following subsections. The
investigation of the trispectrum will be the subject of section IV. We use the notations of [52].
A. Statistical properties of the field perturbations at horizon crossing
In Fourier space the power spectrum of the scalar field perturbations is defined by
〈QAkQBk′〉 = CAB(k)(2pi)3δ 3(k + k′) . (34)
To leading order in the field perturbations
CAB(k) =
H2∗
2k3
δAB , (35)
where δAB is the Kronecker delta-function. Notice that the cross-correlation between adiabatic and
entropy modes is zero for the straight line background trajectory considered here as the coupling
between them exactly vanishes in that case (see Eq. (10) as well as [16] for details).
The bispectrum of the field perturbations is defined by
〈QAk1 QBk2 QCk3〉 ≡ BABC(k1, k2, k3)(2pi)3δ 3(k1 + k2 + k3) . (36)
In slow-roll inflation, where the self interactions of the fields are suppressed by the flatness of the
potential, the bispectrum of the fields is small, both for single [53] and multifield inflation [54]. On
the contrary, self-interactions are enhanced in models with non-standard kinetic terms [55], and in
DBI inflation in the low sound speed limit in particular, with the result [16]
BABC(k1, k2, k3) =
H4∗
4
√
2∗cs∗c2s∗Mpl
bABC(k1, k2, k3) . (37)
The fully adiabatic momentum dependent factor bABC(k1, k2, k3) is given by
bσσσ(k1, k2, k3) =
1∏
i k
3
iK
3
[
6k21k
2
2k
2
3 − k23(k1 · k2)(2k1k2 − k3K + 2K2) + perm.
]
(38)
where K = k1 + k2 + k3 and the ‘perm.’ indicate two other terms with the same structure as the
last term but permutations of indices 1, 2 and 3. Note also that it depends only on the norm of
14
the three wave-vectors as for instance, k1 · k2 = 12(k23 − k21 − k22) due to momentum conservation.
This is the standard result from single field DBI inflation [56]. In the relativistic limit, there exists
only one other non-zero three-point correlation function at leading order, namely
bσss(k1, k2, k3) =
1∏
i k
3
iK
3
[
2k21k
2
2k
2
3 + k
2
1(k2 · k3)(2k2k3 − k1K + 2K2)
− k23(k1 · k2)(2k1k2 − k3K + 2K2)− k22(k1 · k3)(2k1k3 − k2K + 2K2)
]
. (39)
B. Power spectrum, scalar spectral index and tensor to scalar ratio
The power spectrum of the curvature perturbation is defined as
〈ζkζk′〉 = Pζ(k)(2pi)3δ 3(k + k′) . (40)
The corresponding variance per logarithmic interval in k-space is given, to leading order in the
field perturbations, by
Pζ(k) ≡ k
3
2pi2
Pζ(k) =
(
H∗
2pi
)2 (
N2σ +N
2
s
)
, (41)
where we have used Eqs. (24) and (35). As in [16, 57], it is convenient to introduce the transfer
function Tσs, such that Ns = TσsNσ. The curvature power-spectrum then takes the form
Pζ = 18pi2∗cs∗
H2∗
M2pl
(
1 + T 2σs
)
, (42)
where T 2σs quantifies the contribution of the entropy modes to the final curvature perturbation.
This vanishes in single-field DBI inflation while in our case, from Eq. (32),
T 2σs =
∗
ecsecs∗
tan2(α)β2 . (43)
Let us comment on the ranges of the various parameters entering Eq. (43). First, since the radius
of the throat decreases from the UV to the IR end, β ≡ btip/b∗ is bounded by one and this bound
is saturated when the last 60 efolds of inflation take place at the tip of the throat, where b(φ)
becomes a constant [58]. Second, the entropic transfer depends on the angular D3−D3 separation
through the angle α (20). When tan(α) = 0, the angular fluctuations give no time-delay to the
end of inflation at linear order, as is clear from Fig. (2), and hence the transfer function vanishes.
In that case, the first effect appears through higher order loop corrections (see Appendix 2). In
the following, we have in mind that tan(α) = O(1) although we keep formulae general. Finally,
the result (43) indicates that in slow-roll inflation, where the speed of sound is one, the entropic
contribution to the curvature power spectrum can be significant, compared to the inflaton one,
15
only if the deceleration parameter  is smaller at the end of inflation than at horizon crossing.
In DBI inflation, however, the transfer function is amplified by the inverse of the product of the
sound speed at horizon crossing and at the end of inflation, hence it is more efficient. Note that
the enhancement of entropic perturbations by the inverse of the sound speed (15) was crucial in
deriving this result.
It is straightforward to calculate the scalar spectral index and tensor to scalar ratio from the
power spectrum. We find
ns − 1 ≡ d lnPζd ln k = −2∗ − η∗ − s∗ +
T 2σs
1 + T 2σs
(
η∗ − s∗ − 2 b˙∗
H∗b∗
)
, (44)
and [16]
r = 16∗cs∗
1
1 + T 2σs
≈ 16 1
tan2(α)
1
β2
ecsec
2
s∗ , T
2
σs  1 (45)
where the last equality holds in the limit of a large entropic transfer. Hence it is clear that, when the
curvature perturbation is of entropic origin, the links between the observables and the microscopic
parameters of the model are completely different from the single field case.
C. Primordial bispectrum
1. General definitions
The bispectrum of the curvature perturbation is defined as
〈ζk1 ζk2 ζk3〉 ≡ Bζ(k1, k2, k3)(2pi)3δ 3(k1 + k2 + k3) , (46)
where, from Eqs. (24), (34) and (36) and to leading order [59]
Bζ(k1, k2, k3) = NANBNCBABC(k1, k2, k3)
+ NANBCND
[
CAC(k1)CBD(k2) + CAC(k2)CBD(k3) + CAC(k3)CBD(k1)
]
. (47)
Observational quantities are usually expressed in terms of the dimensionless non-linearity parameter
fNL – generally momentum-dependent – defined by
Bζ(k1, k2, k3) =
6
5
fNL [Pζ(k1)Pζ(k2) + perm.] . (48)
Hence there are two contributions to fNL: the first, coming from the first term in Eq. (47), is
related to the three-point functions of the fields at horizon crossing, and we will denote it as f (3)NL:
f
(3)
NL =
5
6
NANBNCB
ABC(k1, k2, k3)
(Pζ(k1)Pζ(k2) + perm.)
. (49)
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The second, coming from the second group of terms in Eq. (47), comes from the leading order
nonlinear relation between the curvature perturbation and the field perturbations, and we will
denote it as f locNL [47]:
f locNL =
5
6
NANBN
AB
(NCNC)
2 , (50)
the total fNL being the sum of the two fNL = f
(3)
NL + f
loc
NL.
2. Equilateral and local bispectra
Let us first discuss f (3)NL: if inflation is of slow-roll type when the observables modes cross the
horizon – c2s∗ ≈ 1 – then f (3)NL is negligibly small. We therefore concentrate on the relativistic regime
c2s∗  1, in which case (37), (38), (39) and (41) give [15]
f
(3)
NL = −
5
6c2s∗(1 + T 2σs)
(
bσσσ(k1, k2, k3)
∏
i k
3
i∑
i k
3
i
)
. (51)
Here we used the symmetry property bσss(k1, k2, k3) + bsσs(k1, k2, k3) + bssσ(k1, k2, k3) =
bσσσ(k1, k2, k3), which implies that the shape dependence of f
(3)
NL is the same as in single-field
DBI, as can be understood in a geometrical way [21]. In the equilateral limit k1 = k2 = k3,
feqNL = −
35
108
1
c2s∗
1
1 + T 2σs
, (52)
where T 2σs is given in (43) in our model. Hence the entropic to curvature transfer in multifield
DBI inflation diminishes the amount of equilateral non-Gaussianities with respect to the single
field case. This comes from the fact that the transfer not only enhances the bispectrum of ζ but
it also enhances its power spectrum by the same amount. Since feqNL is roughly the ratio of the
three-point function with respect to the square of the power spectrum, feqNL is effectively reduced.
We now turn to the local shape of the bispectrum: from the definition (50), we obtain [111]
f locNL =
5
6
N2sNss
(N2σ +N2s )
2 . (53)
When there is a large entropic transfer – N2s  N2σ – (the case where the entropic transfer is small
is discussed in Appendix 2) Eq. (53) reduces to the single field entropic result
f locNL =
5
6
Nss
N2s
= −5
3
√
ecse
2
φ
(2)
e Mpl
φ′2e
, T 2σs  1 , (54)
where we have used Eqs. (32)-(33) in the last equality. Up to the factor
√
cse which diminishes the
effect, this expression is identical to the slow-roll result [23] in the same limit. We have however a
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concrete model at hand, for which one obtains
f locNL =
5
3
1
sin2(α) cos(α)
√
ecse
2
Mpl
φc
, T 2σs  1 . (55)
This shows that f locNL is always positive, in agreement with the discussion in [60], and can be sig-
nificant, given that the inflaton field φ is highly sub-Planckian in brane inflation [27] and therefore
that Mplφc  1. As we will see in subsection III D, it can even saturate the existing observational
bound and put constraints on the model.
Let us stress that the bispectrum in our scenario displays a combination of two different shapes
[112]. First, the classical nonlinear relation between the curvature perturbation and the light
entropic scalar field gives rise to local non-Gaussianities, that peak for squeezed triangles (k3 
k2 ≈ k1), and this is quantified by the parameter f locNL. This type of non-Gaussianities constantly
arises when the curvature perturbation is generated at the end of inflation through light fields other
than the inflaton [49, 61, 62, 63, 64, 65, 66, 67, 68, 69]. Second, derivative interactions produce
quantum correlations at the epoch of horizon crossing between modes of comparable wavelengths.
The associated non-Gaussian signal peaks for equilateral triangles in momentum space (k1 ∼ k2 ∼
k3) and this is quantified by the parameter f
eq
NL. Note that as the local and equilateral signals have
fairly orthogonal distributions in momentum space [70], observational bounds on each of them can
be used when they are both present, each one being almost blind to the other [113].
3. Running non-Gaussianities
Besides its amplitude and shape, the scale dependence of the primordial bispectrum is another
probe of the early universe physics, and recently it has been shown that combining CMB and large
scale structure observations give interesting constraints on the running of non-Gaussianities [71, 72].
In our scenario, while f locNL (55) is scale-independent, it is clear that f
eq
NL (52) is scale-dependent.
This can be quantified by the running non-Gaussian parameter, defined as
nNG ≡ ∂ ln|f
eq
NL(k)|
∂ lnk
= −2s∗ − T
2
σs
1 + T 2σs
(
η∗ − s∗ − 2 b˙∗
H∗b∗
)
, (56)
where we have used Eqs. (43) and (52) in the second equality.
As the speed of sound generally decreases with time in models in which the brane goes from
the UV to the IR end of the throat, s ≡ c˙s/Hcs < 0 so that nNG is positive if the entropy modes
do not feed the curvature perturbation. On the contrary, using the relation η = 2− s− f˙Hf valid
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in the DBI regime (see [18] for details), one obtains, for a large transfer,
nNG = −2∗ + 2 b˙∗
H∗b∗
+
f˙∗
H∗f∗
, T 2σs  1 . (57)
Hence, if observable modes cross the horizon at the tip of the throat where b and f become constant,
the running non-Gaussian index rather becomes negative.
D. Implication of the results
In the recent paper [73], it was noticed that in some models, brane inflation ends by tachyonic
instability in the relativistic DBI regime, even if inflation is of slow-roll type when the observable
modes cross the horizon. In this subsection, we concentrate on this limit, namely c2se  1, and
additionally assume that the curvature perturbation is mostly of entropic origin T 2σs  1. Note
that the deceleration parameter  has been used until now only as a small parameter, quantifying
how much the inflationary expansion is close to de-Sitter. However, in the DBI regime, it can be
related to the brane tension and the warp factor. Indeed, since
 ≡ − H˙
H2
=
φ˙2
2csH2M2pl
, (58)
when c2s = 1− fφ˙2  1, this gives, with Eq. (5),
cs =
T3h
4
2H2M2pl
. (59)
Therefore, from (43) and (59), our hypotheses imply the condition
2H2eM
2
pl
T3h4tip
∗
cs∗
tan2(α)β2  1 (60)
on the parameters of the model. With these assumptions, we now combine the results of the
previous subsections and discuss the constraints imposed by non-Gaussianities from the bispectrum.
From f locNL given in (55), together with the definitions of φc in Eq. (19) and T3 in Eq. (3), we
obtain
f locNL =
5
6
1
sin2(α) cos(α)
htipms
He
. (61)
To avoid stringy corrections, one requires that at least htipmsHe & 1 [74], which therefore acts in the
direction of making observable local non-Gaussianities [114]. This can be made more stringent by
noting that the power spectrum (42) can be reexpressed, in the limit of a large entropic transfer,
as
Pζ = 2pigs tan2(α)
(
β
cs∗
)2 (H∗He)2
(mshtip)4
. (62)
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Then, Eqs. (61) and (62) together lead to
f locNL =
5
6
23/2
(2pigs)1/4
sin3/2(2α)
1
Pζ1/4
(
β
cs∗
)1/2 (H∗
He
)1/2
. (63)
For instance, taking gs = 0.1 and α = pi/4 – which minimizes the result – together with the
observed normalization of the power spectrum Pζ = 2.41 .10−9 [3] gives
f locNL ' 300
(
β
cs∗
)1/2(H∗
He
)1/2
. (64)
Let us recall that the only hypotheses that we used to derive (64) are that the curvature pertur-
bation is of entropic origin and that the end of infation takes place in the relativistic regime. It is
in particular valid for any value of cs∗ between zero and one. Furthermore, since the Hubble scale
decreases during inflation, namely H∗/He > 1, then we find the lower bound
f locNL ≥ 300β1/2 . (65)
Therefore, the WMAP5 observational constraint −9 < f locNL < 111 (95% CL) [3] implies the upper
bound β ≡ btip/b∗ . 0.1 in order to avoid too large non-Gaussianities of local type.
We now turn to equilateral non-Gaussianities, which are diluted by the entropic transfer (52)
feqNL ' −0.3
1
c2s∗T 2σs
= −0.3 1
tan2(α)
ecse
∗cs∗
1
β2
. (66)
With Eq. (59), this gives
feqNL ' −0.3
1
tan2(α)
(
H∗
He
)2 1
β2
(
htip
h∗
)4
. (67)
One needs a precise model to actually determine the amplitude of feqNL. Let us simply comment
that if one tunes β ≡ btipb∗ to a small value to low down f locNL (64) in the observational range, this
enhances feqNL. However, in that case, observable modes cross the horizon far from the tip of the
throat, and one expects a huge hierarchy
(
htip
h∗
)4  1, which tends to put feqNL within the current
observational bounds −151 < feqNL < 253 (95% CL) [3].
IV. PRIMORDIAL NON-GAUSSIANITIES FROM THE TRISPECTRUM
As the next generation of experiments will be able to probe refined details of the statistics of
density fluctuations [75, 76, 77], the study of the primordial trispectrum is becoming increasingly
important. In DBI inflation, another motivation comes from the fact that f (3)NL acquires the same
momentum dependence in single- and multiple-field models. Therefore, we cannot observationally
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differentiate between them with the bispectrum alone. As the degeneracy between models tends
to be broken as we go to higher-order correlation functions, the investigation of the trispectrum in
multifield DBI inflation is thus very natural.
A. General definitions
The primordial trispectrum is defined as the connected part of the four-point correlation function
of the curvature perturbation in Fourier space
〈ζk1 ζk2 ζk3ζk4〉c ≡ Tζ(k1,k2,k3,k4)(2pi)3δ 3(k1 + k2 + k3 + k4) . (68)
We need twelve real numbers to specify a set of four three-dimensional momenta. However, momen-
tum conservation, k1 + k2 + k3 + k4 = 0, eliminates three of them and invariance under rotational
symmetry eliminate three others. We are thus left with six independent parameters that specify
inequivalent configurations of the tetrahedron formed by the four k vectors: we will use the set
{k1, k2, k3, k4, k12, k23} where k12 = |k1 + k2| and k23 = |k2 + k3|. The others kij = |ki + kj | can
then be reexpressed in terms of them as follows:
k13 = k24 =
√
k21 + k
2
2 + k
3
3 + k
2
4 − k212 − k223 ,
k14 = k23 , k34 = k12 . (69)
Note that there are geometrical limitations on the parameter space, for instance in the form of
triangle inequalities (see [78] for details).
From the general δN expansion (24), the primordial trispectrum can be evaluated and one finds
[52]
Tζ(k1,k2,k3,k4) = NANBNCNDTABCD(k1,k2,k3,k4)
+ NABNCNDNE
[
CAC(k1)BBDE(k12, k3, k4) + 11 perms
]
+ NABNCDNENF
[
CBD(k13)CAE(k3)CCF (k4) + 11 perms
]
+ NABCNDNENF
[
CAD(k2)CBE(k3)CCF (k4) + 3 perms
]
(70)
(where we have omitted special configurations of the wavevectors, for instance when any k vector
or the sum of any two k vectors is zero). Here the TABCD are the connected four-point correlation
functions of the field perturbations at the epoch of horizon crossing, defined by
〈QAk1 QBk2 QCk3QDk4〉c ≡ TABCD(k1,k2,k3,k4)(2pi)3δ 3(
∑
i
ki) .
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Introducing
τNL ≡ NABN
ACNBNC
(NDND)3
(71)
and
gNL ≡ 2554
NABCN
ANBNC
(NDND)3
(72)
simplifies the expression of (70) to
Tζ(k1,k2,k3,k4) = NANBNCNDTABCD(k1,k2,k3,k4)
+ NABNCNDNE
[
CAC(k1)BBDE(k12, k3, k4) + 11 perms
]
+ τNL [Pζ(k13)Pζ(k3)Pζ(k4) + 11 perms]
+
54
25
gNL [Pζ(k2)Pζ(k3)Pζ(k4) + 3 perms] . (73)
In order to compare the various momentum dependences entering (73), we use the form factor
T defined by [78]
Tζ(k1,k2,k3,k4) = (2pi)6 P3ζ
(
4∏
i=1
1
k3i
)
T (k1, k2, k3, k4, k12, k14) , (74)
whilst the amplitude of the trispectrum signal is quantified by the estimator tNL for each shape
component
1
k3
T (k1, k2, k3, k4, k12, k14)component RT−−−→
limit
tNL . (75)
Here the regular tetrahedron (RT) limit means k1 = k2 = k3 = k4 = k12 = k14 ≡ k [22, 78].
In the DBI regime of brane inflation, the quantum non-Gaussianities of the fields are large –
as set by their bispectrum BABC and connected part of their trispectrum TABCD – and the first
two lines in Eq. (73) a priori gives sizeable contributions to the primordial trispectrum. Moreover,
the last two lines in Eq. (73) could be significant as we will see later. Their respective amplitude
are determined by the two parameters τNL and gNL, which are similar to f locNL for the bispectrum
in that they describe the nonlinearities generated classically outside the horizon. In that sense we
will occasionally refer to them as the local trispectrum parameters. They contribute to the form
factor as
T ⊃ 36
25
τNLTloc1 + gNLTloc2 , (76)
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where the two local shapes are
Tloc1 =
9
50
(
k31k
3
2
k313
+ 11 perms
)
, (77)
Tloc2 =
27
100
4∑
i=1
k3i , (78)
and the size of the trispectrum for each is
tloc1NL = 1.18 τNL , t
loc2
NL = 1.08 gNL . (79)
We study the local and intrinsically quantum contributions to the trispectrum in the next
subsection while the discussion of the second term in the right hand side of Eq. (73) is deferred to
subsection IV C.
B. Local and intrinsically quantum trispectra in our model
We begin by considering the standard local parameters τNL and gNL. From their definitions
Eqs. (71) and (72), they are given by
τNL =
N2sN
2
ss
(N2σ +N2s )
3 , gNL =
25
54
N3sNsss
(N2σ +N2s )
3 . (80)
Notice that using Eqs. (104)-(106) and (32)-(33), the entropic derivatives satisfy
NsNsss = 3 sin2(α)N2ss . (81)
We therefore obtain
gNL =
25
18
sin2(α)τNL . (82)
As τNL and gNL are in principle observationally distinguishable [79], this gives us the possibility
to deduce the angle α from the observations. Given that gNL < 2518 τNL, it should be stressed
also that one can not obtain a large gNL without having a large τNL, contrary to the cases of the
curvaton [80], ekpyrotic models [81] or non slow-roll multifield inflation [82]. Specializing to the
limit in which the curvature perturbation is mostly of entropic origin, one obtains from Eq. (80)
the single-field entropic result
τNL =
N2ss
N4s
=
(
6
5
f locNL
)2
, T 2σs  1 (83)
where f locNL is given in this limit by (55) (and the relation (82) still holds).
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The intrinsic trispectra of the fields also leave their imprint on the primordial trispectrum,
through the linear relation between the curvature perturbation and the field perturbations at hori-
zon crossing (see the first term in Eq. (73)). The calculation of the field trispectra in multifield
models with non-standard kinetic terms, and in multifield DBI inflation in particular, begun only
very recently [19, 21, 22]. For example, the authors of [21, 22] considered the trispectra from the
intrinsic fourth-order contact interaction. However, it was pointed out that there are other impor-
tant contributions coming from interactions at a distance [19, 78, 83, 84]. As the full calculation
of the field bispectra in multifield DBI inflation has not yet been completed, below we simply com-
ment on the partial results coming from the contact interaction. The important result is that the
degeneracy between single and multiple-field models is broken at this level, i.e. with our notations
one obtains
Tζ(k1,k2,k3,k4) ⊃ N4σ
(
T σσσσ(k1,k2,k3,k4) + T 2σs
(
T σσss(k1,k2,k3,k4) + 5 perms
)
+ T 4σs T
ssss(k1,k2,k3,k4)
)
= N4σ(1 + T
2
σs)
(
T σσσσ(k1,k2,k3,k4) + T 2σsT
ssss(k1,k2,k3,k4)
)
(84)
where the last line follows from a particular relation between the mixed term T σσss and the adia-
batic and entropic trispectra, which have the same order of magnitude ∼ N2σH6∗/c4s∗ but different
momentum dependence. Therefore the trispectrum can a priori discriminate between single- and
multifield DBI inflation. In particular, one can hope that looking at the trispectrum signal in
different limits of the tetrahedron’s parameter space might enable a measurement of Tσs. As for
the overall amplitude of these terms though, with Pζ =
(
H∗
2pi
)2
N2σ(1 +T
2
σs) (41), this schematically
gives a contribution to tNL of the form
tNL ∼ 1P3ζ
N2σH
6∗
c4s∗
N4σ(1 + T
2
σs)(1 + a T
2
σs) ∼
1
c4s∗
(1 + T 2σs)
1 + a T 2σs
(1 + T 2σs)3
(85)
where a is a O(1) numerical coefficient. Similarly to the case of the bispectrum, notice that the field
trispectra having the same amplitude implies that the transfer function Tσs solely determines the
multiple-field modification to the single-field result tNL ∼ 1c4s∗ [85]. Therefore, even if one does not
succeed extracting T 2σs from measurements of the trispectrum alone – for example because T
2
σs  1
and the entropic signal (the last term in (84)) dominates over the adiabatic one – one can in principle
combine measurements of the trispectrum and of the bispectrum (52) feqNL ≈ −0.3 1c2s∗(1+T 2σs) to
determine both cs∗ and Tσs. This illustrates how the study of higher-order correlation functions
can be used to extract information one can not obtain with the power spectrum alone.
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C. An observational signature of multifield DBI inflation
Going back to the general expression Eq. (73), one sees that the intrinsic bispectrum of the
fields also contribute to the primordial trispectrum of the curvature perturbation, i.e.
Tζ(k1,k2,k3,k4) ⊃ NABNCNDNE
[
CAC(k1)BBDE(k12, k3, k4) + 11 perms
]
. (86)
Remarkably, this term is solely determined by quantities that already appeared in lower-order
correlation functions. In particular, while NAB determine the amplitude of f locNL (50), the intrinsic
bispectra of the fields BABC set the magnitude of f (3)NL (49). Therefore, this contribution can be
non negligible only if significant classical nonlinearities and quantum non-Gaussianities are present
in the same model, which explains why it has been neglected before and why we refer to it as
T loc, eqζ in the following. Note that since the shape of the field three-point functions does not
take a universal form, one cannot extract a number that characterizes the amplitude of T loc, eqζ
independently of a model, contrary to τNL (71), which also depends only on lower-order terms.
In our scenario, T loc, eqζ reads
T loc, eqζ =
[
NσσN
3
σC
σσ(k1)Bσσσ(k12, k3, k4) +NσσNσN2sC
σσ(k1)Bσss(k12, k3, k4)
+NssNσN2sC
ss(k1) (Bssσ(k12, k3, k4) +Bsσs(k12, k3, k4)) + 11 perms
]
. (87)
Notice that the first two terms, being proportional to Nσσ, are negligible to leading order in the
slow-varying parameters and we are left with the second line alone at this order. We have included
the first line only to stress that the trispectrum breaks the degeneracy between the two shapes
bσσσ and bσss entering the bispectrum, defined respectively in Eqs. (38) and (39). Recall indeed
that we used the symmetry property
bσss(k1, k2, k3) + bsσs(k1, k2, k3) + bssσ(k1, k2, k3) = bσσσ(k1, k2, k3) (88)
to show that the multifield effects do not modify the shape of f (3)NL compared to the single-field
case. Here, one sees that because Nσσ 6= Nss in general, one can not use this identity and the
primordial trispectrum truly depends on the shape bσss, not on its symmetrized version bσσσ.
Let us now concentrate on the leading-order term, namely the second line in Eq. (87), and write
its contribution to the form factor as
T ⊃ sNL Tloc, eq , (89)
where
Tloc, eq ≡ 81175 (k2k3k4)
3 [bssσ(k12, k3, k4) + bsσs(k12, k3, k4)] + 11 perms . (90)
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Here, sNL is a dimensionless non-linearity parameter that set the amplitude of Tloc, eq, similarly to
τNL and gNL for Tloc1 and Tloc2 respectively (see Eq. (76)), and the numerical factor in the definition
of Tloc, eq is for convenience only. The overal amplitude of this contribution to the trispectrum is
tloc, eqNL = 0.09 sNL . (91)
By noting that (37) can be rewritten in the form
BABC(k1, k2, k3) = −NσH
4∗
4c2s∗
bABC(k1, k2, k3) , (92)
from (87), one formally obtains
sNL = −175648
Nss
N2σ
1
c2s∗
T 2σs
(1 + T 2σs)3
, (93)
which is exactly the product of f locNL (53) and f
eq
NL (52)
sNL = f locNL f
eq
NL . (94)
It is worth emphasizing that, in order to derive the result (94), we solely used the δN formalism
together with the general results for the field bispectra [16]. Hence it is clear that it is valid for
every DBI model, not restricting to a radial trajectory nor to a specific scenario for the entropy to
curvature transfer. In particular, we considered the two-field case for simplicity of presentation but
the proof generalizes straightforwardly to a higher number of light fields. The consistency relation
(94) is thus structural to multifield DBI inflation. It represents a distinct observational imprint on
the trispectrum of the presence of light scalar fields, other than the inflaton, and with non standard
kinetic terms, hence the appearance of both the local and equilateral non-linearity parameters.
D. Shapes of trispectra
To test the consistency relation (94), one must observationally disentangle the contribution
proportional to sNL from other components of the trispectrum. The study of its six-dimensional
parameter space is challenging and in the following, we follow the discussion in [78] and simply
plot the form factor Tloc, eq in various limits to reduce the number of variables, and compare it to
Tloc1 and Tloc2. The shape functions are left white when the momenta do not form a tetrahedron.
We consider the following cases (see [78] for details):
1. Equilateral limit: k1 = k2 = k3 = k4. In Fig. 3, we plot Tloc, eq, Tloc1 and Tloc2 as functions
of k12/k1 and k14/k1. One observes that Tloc, eq and Tloc1 blow up at all boundaries, cor-
responding to k12/k1, k14/k1 and k13/k1 → 0. However, the signal in Tloc, eq is much more
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important, as is clear from the extremely large cutoff for the z-axis in this figure. On the
contrary, Tloc2 is constant in this region of parameter space.
2. Specialized planar limit: we take k1 = k3 = k14, and the tetrahedron to be a planar quad-
rangle with [78]
k12 =
[
k21 +
k2k4
2k21
(
k2k4 +
√
(4k21 − k22)(4k21 − k24)
)]1/2
. (95)
We plot the shape functions as functions of k2/k1 and k4/k1 in Fig. 4. At the k2 → k4 limit,
we have k13 → 0, so that Tloc, eq and Tloc1 blow up. Again, the signal in Tloc, eq is much
more important and we had to use an extremely large cutoff for the z-axis for the sake of
presentation. The most distinctive difference comes from the k2 → 0 and k4 → 0 boundaries,
where Tloc1 and Tloc2 take finite (non-zero) values whereas Tloc, eq blows up. Moreover, its
sign alternates non-trivially over the parameter space. Interestingly, this feature was not
present in any other shape studied in [78].
3. Near the double-squeezed limit: we consider the case where k3 = k4 = k12 and the tetrahe-
dron is a planar quadrangle with [78]
k2 =
√
k21
(−k212 + k23 + k24)− k2s1k2s2 + k212k214 + k212k24 + k214k24 − k214k23 − k44 + k23k24√
2k4
, (96)
where ks1 and ks2 are defined as
k2s1 ≡ 2
√
(k1k4 + k1 · k4)(k1k4 − k1 · k4) ,
k2s2 ≡ 2
√
(k3k4 + k3 · k4)(k3k4 − k3 · k4) . (97)
We plot Tloc, eq, Tloc1 and Tloc2 as functions of k4/k1 and k14/k1 in Fig. 5. Similarly to
the specialized planar limit, notice that the sign of Tloc, eq varies non trivially over the
domain. Several differences between the shapes are visible. 1) In the squeezed limit, at
(k4/k1 = 1, k14/k1 = 1) where k2 → 0, and in the double-squeezed limit, k3 = k4 → 0, Tloc, eq
blows up while the local shapes are finite. 2) In the folded limit (k4/k1 = 1, k14/k1 = 0),
both Tloc, eq and Tloc1 blow up and Tloc2 takes a finite value. 3) In the other folded limit,
(k4/k1 = 1, k14/k1 = 2), all shapes remain finite. Close to it, note that the bump in Tloc1
actually remains finite while Tloc, eq truly blows up.
To summarize, although we did not make an exhaustive study of the shape factor Tloc, eq, we have
seen that it presents characteristic features. In particular, in the last two envisaged situations where
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FIG. 3: In this group of figures, we consider the equilateral limit k1 = k2 = k3 = k4, and plot Tloc, eq,
Tloc1 and Tloc2, respectively, as functions of k12/k1 and k14/k1. Note that Tloc, eq and Tloc1 blow up when
k12  k1 and k14  k1, as well as in the other boundary, corresponding to k13  k1.
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FIG. 4: In this group of figures, we consider the specialized planar limit with k1 = k3 = k14, and plot
Tloc, eq, Tloc1 and Tloc2, respectively, as functions of k2/k1 and k4/k1. Along the diagonal k2 → k4, Tloc, eq
and Tloc1 blow up because in this limit, k13 → 0. At the k2 → 0 and k4 → 0 boundaries, Tloc, eq blow up
while the local shapes remain finite. Notice that the sign of Tloc, eq varies non trivially over the parameter
space.
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FIG. 5: In this group of figures, we look at the shapes near the double squeezed limit: we consider the
case where k3 = k4 = k12 and the tetrahedron is a planar quadrangle. We plot Tloc, eq, Tloc1 and Tloc2,
respectively, as functions of k4/k1 and k14/k1. Notice that the sign of Tloc, eq varies non trivially over the
domain. In the squeezed limit, at (k4/k1 = 1, k14/k1 = 1) where k2 → 0, and in the double-squeezed limit,
k3 = k4 → 0, Tloc, eq blows up while the local shapes are finite (see the main text for additional comments).
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the tetrahedron reduces to a planar quadrangle, its sign non-trivially varies over the parameter
space, in contrast with all shapes studied in [78] for instance. This is all the more interesting
as this planar limit corresponds to the situation effectively probed by small (angular) scale CMB
experiments. This gives hope to be able to test the consistency relation (94).
V. CONCLUSIONS
In this paper, we have analyzed a scenario to convert entropic into curvature perturbations in
the context of multifield brane inflation, and multifield DBI inflation in particular. Considering a
standard single-field driven inflationary phase ending by tachyonic instability, we have shown how
the perturbations of light fields, parametrizing the angular position of the brane in the throat, can
generate curvature perturbation by spatially modulating the duration of inflation. The entropic
transfer generated by this mechanism is more efficient in the DBI than in the slow-roll regime,
being enhanced by the inverse of the sound speed at horizon crossing and at the end of inflation.
We have investigated the non-Gaussianities created in such models. Single-field DBI inflation
is known to produce a substantial amount of non-Gaussianities of equilateral type and previous
works on multifield DBI inflation showed that the entropic perturbations reduce the amplitude
feqNL of these non-Gaussianities. However, as soon as light scalar fields other than the inflaton are
present, non-Gaussianities of another shape, namely local non-Gaussianities, can be present. In
our model, they arise because of the nonlinear relation between the curvature perturbation and
the angular ones. This local contribution f locNL to the non-linearity parameter fNL can be large and
even saturate the observational bounds for some specific scenarios.
We have also calculated τNL and gNL, which are trispectrum parameters similar to f locNL for the
bispectrum, in that they describe the nonlinearities generated classically outside the horizon. We
have shown that gNL is related to τNL by a simple parameter describing the angular position of
the mobile brane, implying gNL < 2518 τNL . When the curvature perturbation is mostly of entropic
origin, τNL =
(
6
5f
loc
NL
)2, easily reaching the expected Planck sensitivity |τNL| ∼ 560 [75] as soon as
f locNL & 25. The trispectrum also contains a part that is directly related to the trispectra of the field
perturbations. One can in principle extract the entropic transfer function from its complicated
momentum dependence, as well as determine the sound speed when the observable modes cross
the horizon by combining it with measurements of feqNL.
Finally, due to the presence of light scalar fields, other than the inflaton, and with non standard
kinetic terms, the primordial trispectrum acquires a particular momentum dependent component
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whose amplitude (94) is given by the product f locNL f
eq
NL. Moreover, this consistency relation is valid
in every multifield DBI model, whatever the brane’s trajectory or the mechanism to convert entropic
perturbations into the curvature perturbation. It thus represents an interesting observational
signature of multifield DBI inflation. We have represented the corresponding form factor in different
limits and it turned out to display important differences with the shapes associated to τNL and gNL,
such as its sign varying over the tetrahedron’s parameter space. Overall, should future experiments
come to detect both local and equilateral non-Gaussianities in the primordial bispectrum, the
trispectrum may well help to to confirm or exclude this kind of scenarios.
Note added : On the day this work was submitted, the paper [86] appeared in the arXiv, which
completes the calculation of the trispectrum coming from the four-point functions of the field
perturbations in multifield DBI inflation.
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Appendix 1 - δN formulae beyond leading order
Using the expressions of ζ∗ (29) and ζe (30) together with the definitions of η (12) and s
(13), one obtains the coefficients of the δN expansion without restricting to leading order in these
slowly-varying parameters and their time derivatives:
Nσ = − 1√2cs
1
Mpl
∣∣∣∣
∗
(98)
Ns = − φ
′
e√
2cs
1
Mpl
∣∣∣∣
e
(99)
Nσσ =
η + s
4cs
1
M2pl
∣∣∣∣∣
∗
(100)
Nss = −
(
φ
(2)
e√
2csMpl
+
η + s
4cs
φ′2e
M2pl
)∣∣∣∣∣
e
(101)
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Nσσσ =
1
25/2(cs)3/2M3pl
(
η˙
H
+
s˙
H
− (η + s)2
)∣∣∣∣∣
∗
(102)
Nsss = −
(
φ
(3)
e√
2csMpl
+ 3
(η + s)
4cs
φ′eφ
(2)
e
M2pl
+
φ′3e
25/2(cs)3/2M3pl
(
η˙
H
+
s˙
H
− (η + s)2
))∣∣∣∣∣
e
(103)
The derivatives of φe(Ξ∗) (26) are evaluated at the background value Ξ¯ = b∗cs∗θ¯ and their
explicit expressions read
φ′e = − tan(α)
β
cs∗
, (104)
φ
(2)
e = − 1cos3(α)
(
β
cs∗
)2 1
φc
, (105)
φ
(3)
e = −3 tan(α)cos4(α)
(
β
cs∗
)3 1
φ2c
. (106)
Appendix 2 - Higher order loop contributions
Given we encountered large entropic derivatives in the δN formalism, one must ensure that we
are in a simple perturbative regime in which one can safely neglect higher order loop corrections
(see [87, 88] for discussions on the viability of a perturbative expansion and [89] for a diagrammatic
approach to loop effects). The integral over the loop momenta give rise to logarithmic infrared
divergences ln(kL) where L is the large scale cut off. In the following we assume that one can take
ln(kL) ∼ 1 as done in [90, 91, 92]. Concentrating on the δN expansion (24) to second order for
simplicity, and neglecting for the moment the non-Gaussianities of the fields at horizon crossing,
the dominant loop corrections to the power spectrum, bispectrum and trispectrum are [91, 92]
P 1loopζ
P treeζ
=
NABNAB
(NCNC)2
Pζ , (107)
f1 loopNL =
5
6
NABNBCNAC
(NDND)3
Pζ , (108)
τ1 loopNL =
NABNBCNCDNAD
(NENE)
4 Pζ . (109)
Below we discuss the two limiting cases of a large and small entropic transfer.
• Large entropic transfer.
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For a large entropic transfer, one obtains
P 1loopζ
P treeζ
=
(
Nss
N2s
)2
Pζ =
(
6
5
f locNL
)2
Pζ , (110)
f1 loopNL =
5
6
(
Nss
N2s
)3
Pζ = 3625
(
f locNL
)3 Pζ , (111)
τ1 loopNL =
(
Nss
N2s
)4
Pζ =
(
6
5
f locNL
)4
Pζ . (112)
Therefore, given that Pζ ∼ 10−10 and that observations already show that the level of non-
Gaussianities is relatively small, f locNL = O(100), this demonstrates that loop corrections can
be neglected, and clearly the argument is valid for every scenario in which one Gaussian field
only is responsible for the curvature perturbation [93].
In general, the field non-Gaussianities lead to additional loop contributions, for instance
to fNL. This was shown to be completely negligible for slow-roll models [94] but in DBI
inflation where intrinsic non-Gaussianities are large, one has to determine if this remains
true. In particular, there is a contribution to the primordial trispectrum Bζ (46) from terms
of the form
NANBCNDE〈QA(k1)(QB ? QC)(k2)(QD ? QE)(k3)〉 , (113)
where the symbol ? denotes a convolution product. The most dangerous terms in (113)
involve the entropic derivatives and, as to leading order there is no purely entropic three
point function, one is led to consider
NσN
2
ss〈Qσ(k1)(Qs ? Qs)(k2)(Qs ? Qs)(k3)〉 . (114)
From the definition of fNL (48) as well as the result (37) for the three point functions of the
fields, its contribution is of order
f1 loopNL ⊃
(
NσN
2
ssH
2
∗
H4∗√
∗cs∗c2s∗Mpl
)/(
H4∗N
4
σ
(
1 + T 2σs
)2)
. (115)
For a large entropic transfer, one therefore obtains
f1 loopNL ⊃ feqNL(f locNL)2Pζ , (116)
where we have used (52) and (53). Again, the observational bounds feqNL, f
loc
NL = O(100) as
well as the normalization Pζ ∼ 10−10 show that such a loop-correction is negligible and one
can verify that the same conclusion applies to other higher order corrections.
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• Small entropic transfer
When the entropic transfer is inefficient – T 2σs  1 – the power spectrum (42) as well as the
equilateral non-Gaussianities (52) remain the same as in the single-field case, so that the
multifield aspects we are taking into account can not cure the model if it is under pressure
at these levels. As for the local non-Gaussianity parameter, from (53) one obtains
f locNL =
5
6
T 2σs
Nss
N2σ
, T 2σs  1 . (117)
Its suppression by the small entropic transfer gives few hope to have a significant f locNL,
rendering the situation effectively indistinguishable from the single-field case for these ob-
servables, unless we have an extremely large ratio Nss/N2σ . For instance, T
2
σs ∼ 10−2 and
Nss/N
2
σ ∼ 103 give f locNL ∼ 10. However, if Nss/N2σ is made this large, Eqs. (108) and (109)
give
f1 loopNL =
5
6
(
Nss
N2σ
)3
Pζ ∼ 1 , (118)
τ1 loopNL =
(
Nss
N2σ
)4
Pζ ∼ 103 , (119)
and loop effects become important, which requires a more refined study.
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entropic transfer and is hence unobservably small. Similar, purely adiabatic, contributions are present
in the non-linearity parameters of the trispectrum and we will neglect them as well.
[112] Note that this could be realized in the different context of multiple branes inflation [102, 103].
[113] We thank Eiichiro Komatsu for pointing this to us. Note also the recent paper [104] which demonstrates
that the analysis of the shapes of non-Gaussianities requires careful handling.
[114] A more severe bound can even be derived if one requires that the four-dimensional energy-density ρe
be less than the local string energy density (htipms)4. With the Friedmann equation 3M2plH
2
e = ρe, this
gives indeed htipms/He &
(
Mpl
He
)1/2
& 140 where the last inequality follows from the non detection of
tensor modes. As this is only an order of magnitude bound, we do not consider that it rules out the
model.
